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This diploma thesis deals with production of polyhydroxyalkanoates (PHA) by bacterial 
strain Cupriavidus necator H16. Goal of this work was preparation, selection and 
characterization of mutant strains overproducing PHA. Theoretical focuses on the most 
important PHA, bacteria Cupriavidus necator and mutagenesis techniques. In practical part 
mutant strains were prepared through physical and chemical mutagenesis. Mutant strains 
overproducing PHA were selected by cultivation in mineral medium with oil. For further 
study, 4 mutant strains overproducing PHA were selected. These mutants were biochemically 
characterized. Specific activities of several intracellular enzymes including enzymes involved 
in PHA biosynthesis were measured. Resistance of mutants against oxidative stress was 
measured as well. Mutant strains overproducing PHA revealed higher enzymatic activities of 
NADPH producing enzymes. Generally, NADPH is one of the substrates influencing flux of 
acetyl-CoA throughout the metabolism; higher intracellular concentration of NADPH 
partially inhibits TCA cycle and activates accumulation of PHA. Therefore, activities of 
acetoacetyl-CoA reductase and PHB synthase, enzymes directly involved in PHA synthesis 
were higher as compared to wild strain as well as molecular weight of produced materials. It 
can be concluded that biotechnologically perspective mutagens capable of PHA 
overproduction can be prepared by application of chemical and physical mutagens.  
Key words 
Polyhydroxyalkanoates, polyhydroxybutyrate, random mutagenesis, Cupriavidus necator 
H16. 
ABSTRAKT 
Předložená diplomová práce se zabývá produkcí polyhydroxyalkanoátů (PHA) bakterií 
Cupriavidus necator H16. Cílem práce byla příprava, selekce a charakterizace mutantních 
kmenů schopných vyšší produkce PHA. V teoretické části byla zpracována literární rešerše 
zabývající se nejdůležitějšími typy PHA, bakterií Cupriavidus necator a způsoby indukce 
mutageneze. V experimentální části byly připraveny mutantní kmeny pomocí fyzikální a 
chemické mutageneze. Mutantní kmeny schopné nadprodukce PHA byly selektovány pomocí 
kultivace na minerálním médium s olejem. Pro další studium byly vybrány 4 mutantní kmeny 
schopné nadprodukce PHA. Tyto mutantní kmeny byly dále podrobeny biochemické 
charakterizaci. Byly naměřeny specifické aktivity vybraných intracelulárních enzymů včetně 
enzymů podílejících se na biosyntéze PHA. Také byla naměřena resistence mutantů vůči 
oxidačnímu stresu. Bylo zjištěno, že mutantní kmeny schopné nadprodukce PHA mají vyšší 
aktivity enzymů produkujících NADPH. NADPH je jeden z klíčových substrátů ovlivňujících 
směr toku acetyl-CoA metabolizmem. Vyšší intracelulární koncentrace NADPH parciálně 
inhibuje Krebsův cyklus a aktivuje akumulaci PHA. Aktivity acetoacetyl-CoA reduktázy a 
PHA syntázy, enzymů zapojených do syntézy PHA, těchto mutantů proto byly také vyšší 
stejně jako molekulová hmotnost připravených polymerů.  Aplikace fyzikálních a chemických 
mutagenů je způsob, kterým lze připravit biotechnologicky perspektivní mutantní kmeny 
schopné nadprodukce PHA. 
Klíčová slova 
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The exponential growth of the human population has led to the accumulation of huge 
amounts of non-degradable waste materials. The presence of these non-degradable residues is 
affecting potential survival of many species. For this reason, many countries have promoted 
special programs directed towards the discovery of new commonly used materials that can be 
readily eliminated from the biosphere. Biomaterials are natural products that are synthesized 
and catabolized by different organisms and that have found broad biotechnological 
applications. They can be assimilated by many species (they are biodegradable) and do not 
cause toxic effects in the host (they are biocompatible) [1]. 
Polyhydroxyalkanoates (PHAs) are families of biodegradable polymers that have great 
potential in the future due to their variability in properties; however, the wide-spread 
substitution of conventional plastics has been limited by high production costs. More efforts 
need be devoted to making this process economically feasible by increasing our 
understanding of the PHB accumulation process and improving productivity. Reduction of 
PHA costs can be accomplished by several methods [2]. 
One of the important factors in determining the economics of PHAs production on an 
industrial scale is the high substrate price. Using cheap carbon source as a substrate in PHA 
biosynthesis is important step in lowering the price of final product. 
Reduction of PHA cost can be also accomplished by various strain improvement methods 
including modification of metabolic pathways such as the TCA cycle or PHB biosynthetic 
pathway. Modification of strains is accomplished by random or site-directed mutagenesis and 
it can lead to mutant strains capable of PHA overproduction [3]. 
Production of PHAs in recombinant organisms like other bacteria, yeast and transgenic 
plants can be also promising.  
Goal of this work was preparation, selection and characterization of mutant strains of 
Cupriavidus necator overproducing PHA. 
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2 THEORETICAL PART 
2.1 Polyhydroxyalkanoates 
Polyhydroxyalkanoates (PHAs) are family of polyesters of (R)-3-hydroxyalkanoic acids, 
produced by a variety of bacterial species under nutrient-limiting conditions with excess 
carbon [3]. The 3-hydroxyalkanoic acids are all in R position due to stereospecificity of the 
polymerizing enzyme, PHA synthase [4]. PHAs are biodegradable, insoluble in water, 
nontoxic, biocompatible, piezoelectric, thermoplastic and elastomeric. These features make 
them suitable for applications in the packaging industry, medicine, pharmacy, agriculture and 
food industry [3]. PHAs are stored in cells in a form of inclusions and they serve as a carbon 
and energy source for bacteria. Typical PHA inclusion is 0,2 – 0,5 µm in diameter and it is 
localized in cell cytoplasm. The proteins involved in biosynthesis and degradation of PHA are 
located on the surface of PHA inclusion. Figure 1 shows possible model of in vivo PHA 
inclusion [5]. 
 
Figure 1: Model of in vivo PHA inclusion [5] 
2.1.1 History of PHAs 
In 1926 Lemoigne isolated first known PHA poly(3-hydroxybutyrate) (PHB) from 
bacteria Bacillus megaterium [6]. In early 1960s PHB was first commercially used by 
company Werber at W.R. Grace & Co. (U.S.A). They used PHB to fabricate prosthetic 
devices. Nevertheless fermentation yields were low and polymer was contaminated with 
bacterial residues [7]. The petroleum crisis in 1970s boosted research for alternative plastics. 
Company ICI (UK) was able to produce PHB with Alcaligenes latus. PHB content in cells 
was 70% of its dry cell weight. Produced PHB had poor mechanical properties and it was 
expensive. Company also produced polymer BIOPOL® that was copolymer of poly(3-
hydroxybutyrate and 3-hydroxyvalerate (P(HB-co-HV)). BIOPOL® had better mechanical 
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properties, such as lower crystallinity and more elasticity than PHB [8]. In 1993 ICI 
transferred its biological division to Zeneca BioProducts. Zeneca Bioproducts continued 
developing PHAs and then in 1996 they sold license to BIOPOL® to American company 
Monsanto. In 1998 was license to BIOPOL® sold to company Metabolix Inc. [3]. Company 
Metabolix Inc. developed transgenic approach to PHAs production. They used large scale 
fermentations and agricultural biotechnology. Recent interest was in the use of PHA for 
medical applications. Company Tepha Inc. is currently engaged in development of tissue-
engineered products based on PHA [9].  
2.1.2 Structure and properties of PHA 
PHAs can be classified into two groups depending on the number of carbon atoms in the 
monomer units. Short-chain-length (SCL) PHAs contain 3 – 5 carbon atoms. Medium-chain-
length (MCL) PHAs contain 6 – 14 carbon atoms. General structure of PHA is shown in 
Figure 2 [8].  
 
Figure 2: General structure of PHA [8] 
 
Microorganisms in nature are able to synthetize various types of PHAs depending on the 
type of carbon source and biochemical pathways available. Homopolymer PHB is the most 
common; nevertheless, its mechanical properties are not ideal. Copolymers of 3HB with other 
hydroxyacids have higher molecular weight and better mechanical properties than 
homopolymer PHB. Random copolymers contain 3HB monomer units as well as other 
hydroxyalkanoate units with 3 – 14 carbon atoms in random order [10]. 
2.1.2.1 Poly(3-hydroxybutyrate) 
PHB is the most common SCL PHA produced by variety of microorganisms in nature. 
PHB monomer contains 4 carbon atoms as shown in Figure 3 [11] 
 




PHB isolated from bacteria contains 55 – 80 % of crystallinity. On the other hand natural 
PHB in bacteria is in amorphous form and exists as water insoluble inclusion [5]. Molecular 
weight of PHB from wild-strain bacteria is usually in the range 1·104 – 3·106 g·mol-1. 
Polydispersity index is around two [10]. The glass transition temperature of PHB is around 
4°C while the melting temperature is near 180°C. The density of amorphous PHB is 
1,18 g·cm-3. The density of crystalline PHB is 1,26 g·cm-3. Mechanical properties like the 
Young's modulus (3,5 GPa) and the tensile strength (43 MPa) of PHB are close to those of 
polypropylene. The extension to break (5%) of PHB is; however, lower than extension to 
break of polypropylene (400%). Overall PHB is stiffer and more brittle plastic material 
compared to polypropylene. The brittleness is due to the formation of large crystalline 
domains in the form of spherulites. [12]. 
Ultra-high molecular PHB polymer have better mechanical properties then regular PHB 
polymer. Ultra-high molecular PHB was prepared by transgenic Escherichia coli with genes 
from Cupriavidus necator. Weight average molecular weight of ultra-high molecular PHB is 
3·106 – 1,1·107 g·mol-1 under special fermentation conditions [13]. 
2.1.2.2 Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) 
Significant improvement in mechanical properties was achieved by incorporation of 3-
hydroxyvalerate (3HV) into 3HB sequence. General structure of poly(3-hydroxybutyrate-co-
3-hydroxyvalerate) (P(HB-co-HV)) is shown in Figure 4 [11] 
 
Figure 4: General structure of P(HB-co-HV) [11] 
 
This copolymer was prepared by fermentation of Cupriavidus necator grown on glucose 
with addition of propionic acid. Propionic acid serves as precursor carbon source leading to 
incorporation of 3HV units into polymer. Mechanical properties of copolymer can be altered 
by controlling 3HV content [14].  The easiest way to control the content of 3HV units in 
copolymer is by changing the concentration of the carbon source that contributes to the 
formation of 3HV units [11]. Incorporation of 3HV improves flexibility of material. Young's 
modulus decreases below 0,7 GPa and tensile strength decreases below 30 MPa. The 
elongation to break of polymer increases as 3HV content increases. The melt temperature is 
greatly depressed, down to 130°C, dependent on the 3HV content. The degradation 
temperature is little affected [8] 
2.1.2.3 Poly(3-hydroxybutyrate-co-4-hydroxybutyrate) 
Another type of PHA with improved properties is poly(3-hydroxybutyrate-co-4-





Figure 5: General structure of P(3HB-co-4HB) [11] 
 
With increase of 4HB content in copolymer its mechanical properties change from one 
characterized by high crystallinity to one that is a strong elastomer [15]. P(3HB-co-4HB) 
cannot form isomorphic crystals because of the extent of the structural differences between 
the monomer units. The glass transition temperature decreases from 5 to -50 °C, and the 
melting temperature decreases from 180 to 54 °C as the mol% of 4-hydroxybutyrate increases 
from 0 to 100%. Young‟s modulus, tensile strength, and % elongation at break (for 94 mol% 
4-hydroxybutyrate) are reported as 55 MPa, 39 MPa, and 500%, respectively [8]. 
2.1.2.4 Other PHA copolymers 
Copolymers containing 3HB units and 3-hydroxyalkanoate units with 6 – 14 carbon atoms 
are quite rare due to substrate specificity of PHB synthase. Their general structure is shown in 
Figure 6 [11] 
 
Figure 6: General structure of copolymer containing 3HB units and MCL hydroxyalkanoates 
[11] 
 
MCL PHAs are thermoplastic elastomers with melting points of about 45-60 °C and glass 
transition temperatures near −40 °C. The biosynthesis of PHA copolymers containing both the 




2.1.2.5 Comparison of mechanical properties of PHAs with polypropylene 
Comparison of mechanical properties of PHAs with polypropylene (PP) is shown in 
Table 1 [8]. 










PHB 179 40 3,5 3,0 
P(HB-co-HV) 
90:10 
150 25 1,2 20 
P(HB-co-HV) 
80:20 
135 20 0,8 100 
P4HB 53 104 149 1000 
P(3HB-co-4HB) 
90:10 
159 24 - 242 
P(3HB-co-4HB) 
10:90 
50 65 100 1080 
PP 170 34,5 1,7 400 
2.1.3 Biosynthesis of PHA 
In 1956 Macrae and Wilkinson discovered that PHA accumulation of bacteria Bacillus 
megaterium increases as carbon to nitrogen ratio in medium increases [17]. Their results 
suggested that, like polyphosphate and carbohydrate reserves, PHA accumulation occurred in 
response to an imbalance in growth brought about by nutrient limitations. Bacteria make and 
store PHA when they lack complete range of nutrients required for cell division but have 
generous supplies of carbon. The biosynthesis of PHA was initiated by magnesium or sulfate 
deficiency as well as phosphate and nitrogen limitations. For many bacteria, the polymer, 
once accumulated, serves as both carbon and energy source during starvation. PHA 
constitutes an ideal carbon-energy storage material due to its low solubility and high 
molecular weight [18]. On other hand there are some bacteria like Alcaligenes latus and 
Azotobacter vinelandii that accumulate PHA even in the absence of nutrient limitation [19, 
20]. 
PHA synthase, enzyme involved in PHA synthesis shows broad substrate specificity and 
therefore a wide variety of monomers can be polymerized. Carbon source is the main factor 
determining PHA composition. Microorganisms can produce PHA from variety of carbon 
sources from simple carbohydrates to complex materials like sugar beads and used oils [21]. 
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2.1.3.1 Biosynthesis of PHB 
PHB in most bacteria is synthetized by three step reaction. Three enzymes are involved in 
biosynthesis of PHB in Cupriavidus necator (see Figure 7) [8] 
 
Figure 7:  Biosynthesis of PHA in Cupriavidus necator [8] 
a) The genes phbA, phbB, and phbC of Alcaligenes eutrophus are located in one operon and 
code for the β-ketothiolase, acetoacetyl-CoA reductase, and PHB synthase, respectively. 




Biosynthesis of PHB starts with condensation of two acetyl-CoA into acetoacetyl-CoA. 
Reaction is catalyzed by enzyme β-ketothiolase. Acetoacetyl-CoA is then reduced by 
NADPH dependent acetoacetyl-CoA reductase into (R)-3-hydroxybutyryl-CoA. Reaction is 
stereoselective and only R form of 3-hydroxybutyryl-CoA is formed. Final step of synthesis is 
polymerization of 3-hydroxybutyryl-CoA into PHB by PHB synthase [22].  
As pointed out above, PHB synthesis is induced by high carbon to nitrogen ratio. 
Intracellular concentration of acetyl-CoA and free CoA play important role in polymer 
synthesis. Under balanced growth conditions is acetyl-CoA catabolized in TCA cycle. NADH 
is generated and used for growth of cells. When growth ceases the NADH concentration 
increases, which reduces the activity of the TCA cycle enzymes citrate synthase and isocitrate 
dehydrogenase. TCA cycle is inhibited and acetyl-CoA enters PHB synthetic pathway. 
Enzyme β-ketothiolase is inhibited by free CoA [8]. 
Acetyl-CoA can be generated by several metabolic pathways. Most common pathways are 
catabolism of sugars and β-oxidation of fatty acids [5]. 
2.1.3.2 Biosynthesis of copolymers 
Copolymers are synthesized when suitable substrates are used as a carbon sources. P(HB-
co-HV) is synthesized when precursors containing three (propionic acid, propanol) or five 
carbons are used with other carbon source or when a direct precursor of 3-hydroxyvalerate is 
used as a carbon source (valeric acid). Fermentation of propionate or propanol leads to 
formation of propyonyl-CoA. Propyonyl-CoA and acetyl-CoA are afterwards condensed with 
β-ketothiolase into 3-ketovaleryl-CoA. This leads to random incorporation of 3HV units into 
polymer structure [23]. 
P(3HB-co-4HB) can be synthesized when γ-butyrolacton is used as a precursor of 4HB. 
When γ-butyrolactone is used as the sole carbon source, 4-hydroxybutyryl-CoA is formed in 
the cells. Random copolymerization of 4-hydroxybutyryl-CoA and 3-hydroxybutyryl-CoA 
then leads to random incorporation of 4HB units into polymer structure [24]. 
2.2 Cupriavidus necator H16 
The gram-negative bacteria Cupriavidus necator H16 was isolated from a spring near 
Göttingen as a chemolithoautotrophic „Knallgas‟ bacterium capable of growing with 
molecular hydrogen as electron and energy donor. 30°C is optimal temperature for growth 
[25]. The bacteria accumulates large amount of PHB; thus, Cupriavidus necator serves as a 
model organism for study of PHB metabolism. As was mention earlier PHB is in the form of 
insoluble inclusion and serves as storage compound for carbon and energy. In 1970s bacteria 
was considered as a candidate for single cell protein (SCP). The SCP would serve as a feed 
for animals and as a food for astronauts in space. Large amounts of PHB would prohibit use 
of bacteria as SCP; therefore several PHB
- 
mutants were prepared. PHB
-
4 is most prominent 
PHB
-




Figure 8: Bacteria Cupriavidus necator H16 [27]. 
Genome of Cupriavidus necator H16 comprises of three replicons; two chromosomes and 
one megaplasmid pHG1 [28]. Genes encoding enzymes involved in PHB synthesis are 
located on megaplasmid PHG1. Recently whole genome of Cupriavidus necator H16 was 
sequenced and all genes were annotated. Chromosome 1 contains almost all essential genes 
for metabolism and essential cell functions. Chromosome 2 contains genes extending range of 
substrates and terminal electron acceptors (H2 oxidation) [29]. 
Bacteria is able to utilize fructose and gluconic acid. These substrates are metabolized via 
Entner-Doudoroff pathway. Embden-Meyerhoff-Parnas pathway (glycolysis) is incomplete 
because bacteria is lacking enzyme fructose-1,6-bisphosphate aldolase [30]. Enzymes alcohol 
dehydrogenase and lactate dehydrogenase were isolated, purified and partially characterized 
[31, 32]. Bacteria Cupriavidus necator generally grows well on mineral medium but it can 
grow on complex media as well. Lack of ability to metabolize glucose and lactose is only 
minor drawback. Number of other substrates, including oils has been used. Bacteria can also 
grow chemolithoautotrophically by utilization of CO2 [21]. 
2.2.1 Enzymes involved in PHB metabolism 
As was mention above enzymes β-ketothiolase, acetoacetyl-CoA reductase, and PHB 
synthase are directly involved in PHA synthesis. Enzyme PHB depolymerase is involved in 
degradation of PHB [33]. 
 
Table 2: Genes relevant for PHB metabolism in Cupriavidus necator H16 [33]. 
Locus Gene Product 
PHA synthases 
A1437 phaC1 Poly(3-hydroxybutyrate) synthase 
A2003 phaC2 Poly(3-hydroxybutyrate) synthase 
β-Ketoacyl-CoA thiolases 
A1438 phaA Acetyl-CoA acetyltransferase 
A1445 bktB Acetyl-CoA acetyltransferase 
A0170  Acetyl-CoA acetyltransferase 
A0462  Acetyl-CoA acetyltransferase 
A1528  Acetyl-CoA acetyltransferase 
A1713  Acetyl-CoA acetyltransferase 
A1720  Acetyl-CoA acetyltransferase 
A1887  Acetyl-CoA acetyltransferase 
B0200 pcaF Beta-ketoadipyl CoA thiolase 
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Table 2: Genes relevant for PHB metabolism in Cupriavidus necator H16 [33] 
Locus Gene Product 
B0381  Acetyl-CoA acetyltransferase 
B0662  Acetyl-CoA acetyltransferase 
B0668  Acetyl-CoA acetyltransferase 
B0759  Acetyl-CoA acetyltransferase 
B1369  Acetyl-CoA acetyltransferase 
B1771  Acetyl-CoA acetyltransferase 
β-Ketoacyl-CoA reductases 
A1439 phaB1 Acetoacetyl-CoA reductase 
A2002 phaB2 Acetoacetyl-CoA reductase 
A2171 phaB3 Acetoacetyl-CoA reductase 
A0743  Short chain dehydrogenase 
A0931  Dehydrogenase 
A1267  Short chain dehydrogenase 
A1287  3-oxoacyl-ACP reduktase 
A1325  Short chain dehydrogenase 
A1334  D-β-hydroxybutyrate dehydrogenase 
A1531  Short chain dehydrogenase 
A1814  D-β-hydroxybutyrate dehydrogenase 
A2152  Short chain dehydrogenase 
A2460 abmB Putative β-hydroxyacyl-CoA dehyrogenase 
A2473  Short chain dehydrogenase 
A2567 fabG 3-oxoacyl-ACP reduktase 
A3164  Predicted short chain dehydrogenase 
A3487  Putative short chain dehydrogenase 
B0201  Short chain dehydrogenase 
B0361  3-oxoacyl-ACP reduktase 
B0385  3-oxoacyl-ACP reduktase 
B0394  Dehydrogenase 
B0601  Cyclohexanol dehydrogenase 
B0651  Short chain dehydrogenase 
B0663  Short chain alcohol dehydrogenase 
B0666  Short chain dehydrogenase 
B0687  Short chain dehydrogenase 
B0713  Short chain alcohol dehydrogenase 
B1075  3-oxoacyl-ACP reduktase 
B1240  Dehydrogenase 
B1297  Short chain dehydrogenase 
B1334  Short chain dehydrogenase 
B1442  Short chain dehydrogenase 
B1696  Short chain CoA dehydrogenase 
B1834  Alcohol dehydrogenase 
B1904  3-oxoacyl-ACP reduktase 
B2339  Short chain dehydrogenase 
B2510  3-oxoacyl-ACP reduktase 
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Table 2: Genes relevant for PHB metabolism in Cupriavidus necator H16 [33] 
Locus Gene Product 
Phasins 
A1381 phaP1 Phasin 
PHG202 phaP2 Phasin 
A2172 phaP3 Phasin 
B2021 phaP4 Phasin 
Transcriptional regulator of phasin expresion 
A1440 phaR Regulator PhaR 
PHB depolymerases 
A1150 phaZ1 Intracellular PHB depolymerase 
A2862 phaZ2 Intracellular PHB depolymerase 
B1014 phaZ3 Intracellular PHB depolymerase 
PHG178 phaZ4 Putative PHB depolymerase 
B0339 phaZ5 Intracellular PHB depolymerase 
B2073 phaZ6 PHB depolymerase 
B2401 phaZ7 PHB depolymerase 
3HB-oligomer hydrolases 
A2251 phaY1 D-(-)-3HB oligomer hydrolase 
A1335 phaY2 D-(-)-3HB oligomer hydrolase 
2.2.1.1 β-Ketothiolase 
β-Ketothiolase is enzyme catalyzing condensation of two acetyl-CoA into acetoacetyl-
CoA. Cupriavidus necator H16 contains several β-ketothiolases with different substrate 
specificity [34]. β-Ketothiolase from phaCAB operon is strictly specific for acetyl-CoA, 
therefore it cannot be used for copolymer P(HB-co-HV) synthesis. β-Ketothiolase from gene 
bktB has wider substrate specificity, therefore it is very useful in copolymer synthesis [33]. 
2.2.1.2 Acetoacetyl-CoA reductase 
Acetyl-CoA reductase catalyzes reduction of acetoacetyl-CoA to 3-hydroxybutyryl-CoA. 
There are 39 homologues of this enzyme in Cupriavidus necator H16. Large amount of these 
reductases have unknown function in PHB metabolism [33]. 
2.2.1.3 PHB synthase 
PHB synthase catalyzes synthesis of 3-hydroxybutyryl-CoA to PHB. In Cupriavidus 
necator H16 is enzyme constitutively expressed and occurs as soluble protein in cells without 
PHB. Protein bonds to PHB granule, when PHB is present in cells. The substrate specificity 
of this enzyme is quite broad; therefore copolymers can be synthetized [22,33].  
2.2.1.4 Phasins 
Phasins are small amphiphilic proteins binding to PHB and providing, along with 
phospholipids, layer at the surface of granule. These proteins occur in all PHB accumulating 
bacteria. Large amount of phasins are required in cells and they contribute 3 – 5% of all 
proteins. Role of phasins is to stabilize dispersion of water-insoluble PHB in cytoplasm. 
Presence of phasins also prevents binding of other hydrophobic proteins to granules [35]. 
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2.2.1.5 PHB depolymerase 
PHB depolymerase is water-soluble enzyme able to hydrolyze PHB. There are 9 enzymes 
in Cupriavidus necator H16 that can be involved in PHB depolymerization [33]. Five of these 
enzymes contain DepA domain (phaZ1 – phaZ5); 2 contain LpqC domain (phaZ6, phaZ7) 
and 2 are D-(-)-3HB oligomer hydrolases. At least three PHB depolymerases contribute to 
degradation of PHB in cells [36]. 
 
 
Figure 9: Distribution of genes involved in PHB metabolism in Cupriavidus necator H16 [33] 
19 
 
2.3 Mechanisms of random mutations 
Random mutagenesis is based on application of mutagens – chemical or physical factors 
that directly attack and randomly change genetic information of selected microorganism. 
Application of mutagen can lead to death or mutations among survivors. Any agent that 
damages DNA can be used for mutagenesis [37]. 
2.3.1 UV mutagenesis 
Many types of irradiation have been used to generate mutations. The higher energy rays 
such as X-ray and gamma ray however require expensive equipment and they are not suitable 
for routine use in laboratory. These rays also produce gross damages in cell chromosome that 
is not easily repaired by cell. Ultraviolet ray on the other hand requires inexpensive 
equipment and it is suitable for routine use in laboratory [37]. 
Principal effects of UV radiation are introduction of pyrimidine (thymine) dimers in cell 
(figure 10) [37]. 
 
Figure 10: Structure of thymine dimers [37] 
 
UV radiation causes covalent link between two pyrimidine residues to be created on the 
same DNA strand. These pyrimidine dimers cannot be replicated and they are lethal to cell 
unless it is able to repair the damage. Incorrect reparation of these damages can lead to 
introduction of mutations in DNA [37]. 
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2.3.2 Chemical mutagenesis 
There are many different chemical agents interacting with DNA or replication system. 
These chemical agents produce alternation in DNA sequence. Some chemical mutagens 
chemically modify a base on DNA so that it resembles a different base. Nitrous acid is 
chemical mutagen of this kind. Nitrous acid causes oxidative deamination of bases. Amino 
groups of bases are converted to keto groups and thus cytosine is converted to uracil. Uracil is 
not part of DNA and cell contains enzyme that will remove it. If it persists it can change C-G 
pair to U-A pair (ultimately T-A pair) (figure 11). Nitrous acid can react directly with DNA in 
vitro which is useful technic for mutagenesis of plasmids [37]. 
 
Figure 11: Nitrous acid causes oxidative deamination of cytosine to uracil [37] 
 
Another group of chemical mutagens are alkylating agents. Alkylating agents like ethyl 
methane sulphonate (EMS) and 1-methyl-3-nitro-1-nitroso-guanidine (MNNG) are very 
powerful mutagens. They introduce alkyl groups on nucleotides at various positions and cause 
multiple closely linked mutations [37]. 
The intercalating agents such as acridine orange and ethidium bromide contain flat ring 
structure that is capable of inserting (intercalating) into the core of double helix between 
neighboring bases. The consequence of this is addition of single base during DNA replication 
[37]. 
Last type of mutagens are bases analogues such as 5-bromouracil. 5-bromouracil can be 
incorporated into DNA in the place of thymine. 5-bromouracil during replication pairs with 
guanine rather than adenine. Pair A-T is than changed to C-G [37]. 
2.3.3 Random mutagenesis of Cupriavidus necator for PHA overproduction 
Cupriavidus necator was subjected to UV mutagenesis and chemical mutagenesis to 
increase PHA production in the past. Several different strategies were used to increase PHA 
production of mutant strains [38,39]. 
 Santanu et al. used UV mutagenesis to prepare mutant strains of Cupriavidus necator 
overproducing PHA on inexpensive carbon sources. His team was able to isolate 5 mutants 
overproducing PHA on minimal salt medium with fructose as a carbon source. Some of these 
mutants were able to utilize molasses with high PHA yields [38]. 
Park and Lee were able to prepare PHA overproducing mutant by chemical mutagenesis. 
They used N-methyl-N´-nitrosoguanidine to prepare mutant strains with modification of TCA 
cycle-related enzymes. Isocitrate dehydrogenase leaky mutant of Cupriavidus necator was 
isolated after mutagenesis. The PHB accumulation was significantly increased due to the 
increased flow of carbon to the PHB biosynthetic pathway instead of the TCA cycle, due to 




3 MATERIALS AND METHODS 
3.1 Bacterial strain, chemicals and instruments 
3.1.1 Bacterial strain 
Bacterial strain Cupriavidus necator H16 was used in all the experiments. The strain was 
obtained from Czech collection of microorganisms (CCM 3726) 
3.1.2 Chemicals 
3.1.2.1 Standards for Gas Chromatography  
Poly[(R)-3-hydroxybutyric acid], Fluka (USA) 
Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (12% 3HV). Fluka (USA) 
3.1.2.2 Standards for SDS-PAGE electrophoresis 
SERVA recombinant SDS PAGE Protein Marker 10 - 150 kDa PLUS, Serva (USA) 
Precision Plus Protein™ All Blue Standards, Bio-Rad (USA) 
3.1.2.3 Other chemicals 
β-Nicotinamide adenine dinucleotide phosphate, Sigma-Aldrich (USA) 
β-Nicotinamide adenine dinucleotide, Sigma-Aldrich (USA) 
β -Nicotinamide adenine dinucleotide phosphate reduced, Sigma-Aldrich (USA) 
β-Nicotinamide adenine dinucleotide reduced, Sigma-Aldrich (USA) 
Coenzyme A, Sigma-Aldrich (USA) 
Acetyl coenzyme A, Sigma-Aldrich (USA) 
Acetoacetyl coenzyme A, Sigma-Aldrich (USA) 
DL-β-hydroxybutyryl coenzyme A, Sigma-Aldrich (USA) 
5,5'-dithiobis-(2-nitrobenzoic acid), Sigma-Aldrich (USA) 
3.1.2.4 Chemicals for cultivation of microorganisms 
Agar Powder, Himedia (India) 
Nutrient Broth, Himedia (India) 
3.1.3 Laboratory equipment  
Gas chromatograph: 
GC-FID Hewlett Packard, Series II 5890 (USA) 
 Column: DB-WAX 30 m by 0,25 mm 
 
Spectrophotometer Nanophotometer, Implen (Germany) 
Elisa Reader ELx808, Biotek (USA) 
Centrifuge Boeco U-32R, Hettich Zentrifugen (Germany) 
Analytical scale, Boeco (Germany) 
Laminary box Aura Mini, Bio Air Instruments (USA) 
Thermostat IP 60, LTE Scientific, Ltd. (Germany) 
Orbital shaker incubator, Heidolph Unimax 1010, Labicom s.r.o. (Czech Republic) 
Thermostat, LS-35 (Czech Republic) 
Vortex, TK3S, Kartell spa (USA) 
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Ultra sonicator, Sonopuls HD 3100, Bandelin (Germany) 
Electrophoretic cell, Mini-Protean Tetra electrophoresis system, Bio-rad (USA) 
Common laboratory glass and equipment 
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5 LIST OF ABBREVIATIONS AND SYMBOLS 
 
DTNB    5,5'-dithiobis-(2-nitrobenzoic acid) 
GC-FID   Gas chromatography with flame ionization detector 
GPC    Gel Permeation Chromatography 
NAD    Nicotinamide adenine dinucleotide 
NADP    Nicotinamide adenine dinucleotide phosphate 
PHA    Polyhydroxyalkanoate 
PHB    poly(3-hydroxybutyrate) 
P(3HB-co-3HV)  Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) 
P(3HB-co-4HB)  Poly(3-hydroxybutyrate-co-4-hydroxybutyrate) 
P4HB    Poly(4-hydroxybutyrate) 
SCL PHA   Short-chain-length PHA 
MCL PHA   Medium-chain-lenght PHA 
PP    Polypropylene 
3HB    3-hydroxybutyrate 
3HV    3-hydroxyvalerate 
4HB    4-hydroxybutyrate 
EMS    Ethyl methane sulphonate 
MMS    Methyl methane sulphonate 
DCW    Dry cell weight 
CFU    Colony-forming unit 
ADH    Alcohol dehydrogenase 
G6PD    Glucose-6-phosphate dehydrogenase 
PDI    Polydispersity index
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